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The value of the observations and models for human safety, economics,
and the environment.
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CASE STUDY ONE: Under Keel Clearance Project
The Challenge: Very Large Crude Carriers (VLCCs) & ULCCs entering
the Port of Long Beach

M/V Solana passing Jacobsen Pilot Station enroute pier 121, Tuesday 23 September 2014 4



Approach to port of
Long Beach...

Channel dredged to 76 feet




With Zero Pitch, there is 11’ of under keel clearance
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65’ Max Draft allowed
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11" Under Keel Clearance
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With 1 degree of Pitch, there is a 9.6" increase in draft for a 1,100 foot tanker:
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1.4" Under Keel Clearance
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WAVES ON THE STERN (FROM THE SOUTH) CAUSE THE VESSELS TO PITCH 1.4

UKCI!



Estates . Lomita

. Long Beach
Seal Beach e

Rossmoor

Wed 5/9/2015 9:12 AM

The Present- CDIP Processing <uproc@model.cdip.ucsd.edu>
[ J

San Pedro Swell Warninn

To nine_trk@cdip, ucsd. edu; Kip Louttit; Swell-alert@jacobsenpilot.com

| Prediction site: SP018 ||

GO/NO GO decision
. . Date (PST) 14+ Hs 14+ Tp 14+ Dp TotHs TotTp TotDp
made using: (f)  (secs) (degT) (f)  (secs) (degT)

2015-05-020L:00pm 3,77 1538 168 4,43 1538 168
2015-05-05204:00 pm 475 1538 166 5.51 1538 166

2015-05-02 07:00 pm

2015-05-05 10:00 pm  4.69  14.25 1o5  9.94 1479 165
\/ C D I P Swe I I Wa r n i n gs 2015-09-1001:00am 420 14.29 167 581 1429 167
2015-09-1004:00am  4.04 1538 171 5.81 15.38 171
2015-05-1007:00am 417 1538 172 607 1538 172

v CDIP Buoy Reports NS 100L00pm 276 149 1M S@ 1B 13
v’ Experience

http://www.sccoos.org/data/harbors/lalb/mop site.php?mop=5P018&page=fc swell plot&xperiod=14&tz=PST&units=english

v’ Seaman’s Eye
/ Observed pitCh & rO” %&”HF&HS 14+ Tp 14+ Dp TotHs TotTp TotDp

(ft) (secs) (degT) (ft) (secs) (degT)
20153-03-050L:00 pm  3.77 1528 168 4,53 1528 168

fa r e n O u g h Offs h O re to 2015-05-0504:00 pm 4,30 1538 166 5.0 1538 160

2015-05-0907:00 pm  4.27 1538 166 5.05 1538 166

g . I ” 2015-09-09 10:00 pm  4.04 1429 168  4.95 1429 158

p e r m |t b a | 'O Ut 2015-05-1001:00 am  4.00 1429 170 518 1429 170
2015-05-1004:00am 410 1429 171 587 1333 169

1 1 2015-05-1007:00am  4.27 1425 171 6.76 13.33 165
b efo re CO m m Ittl n g to 2015-05-1010:00am  3.87 1425 173 715 13.33 165

h | Link:
C a n ne http://www.sccoos.org/data/harbors/lalb/mop site.php?mop=5P019&page=fc swell plot&xperiod=14&tz=PST&units=english




Moving to the Future... Under Keel Clearance
Project with PROTIDE:

Stakeholders:
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Partners in providing critical weather, wave, and swell information to UKC:

INTEGRATED I]E[AN DBSERVING SYSTEM
US Army Corps
of Engineers:




Industry Benefit of the Under Keel Clearance
ey PTOjECt —Reduce Offshore nghtermg !

= Reduces overall risk of transporting oil on West Coast (50% of
California’s oil comes from the Port of Long Beach)
= Reduced personnel injury/exposure for the line handlers; Lessens
crew man hours in demanding operations.
»Economics: $100,000 - $200,000 per day to keep a tanker offshore
» Environment: Reduces oil spill risk by requiring fewer oil transfers.
» Efficiency: Eliminates additional tanker needs.




Challenges of developing a wave model for Southern Callfornla

Spatial variation due to LS ¢ O
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Wave heights differ
according to direction of
the waves.
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Full Directional Wave exposure for San Pedro
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Wave height

Prediction site; SP018

Date (PST)

2015-03-25 04:00 pm
2015-03-25 07:00 pm
2015-03-25 10:00 pm
2015-03-26 01:00 am
2015-03-26 04:00 am
2015-03-26 07:00 am
2015-03-26 10:00 am

14+ Hs

2.82
2.85
2.89
2.85
2.82
2.82
2.72

14+ Tp
(f)
18.18
18.18
16.67
16.67
16.67
16.67
15.38

14+ Dp
(secs)
175
175
173
173
173
173
173

Wave Watch Il Model is over
predicting by >1 ft Significant

Wave height.
Tot Hs Tot Tp
(degT)  (ft
3.18 18.18
3.28 18.18
3.41 16.67
3.38 16.67
3.25 16.67
3.18 16.67
3.05 15.38

Tot Dp

(secs) (deg 1)
175

175

173

173

173

173

173

San Pedro Buoy observation vs WW3 Model Predictions
- Messaging to Jacobsen Pilots & MX SoCal



e Fortunately, talented people at the
National Climate Prediction Centers
(NCEP) are developing a Nearshore Wave
Prediction System model for the San
Pedro Bight.

* \WWhile this model is being developed and
validated, PROTIDE is using the CDIP
wave model.



3 wave buoys support the UKC project.
CDIP Wave model locations identified.
Hourly submission to ProTide.

SP020
68.27 ft depth

SP021
83.20 ft depth
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092 San Pedro 213 San Pedro South 215 Long Beach Channel

CDIP/SIO Experimental Los Angeles Long Beach Sea and Swell Model
Wave Height (ft) and peak dir Tue 2015-07-28 21:00 UTC
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Display at Marine Exchange.
Buoys update every 30 minutes.




 CDIP model underprediction of long period swell highly
pronounced due to reflection from the Long Beach breakwater.

20 September 2015 wave helant GREEN - CDIP wave model
18 BLUE - Long Beach Wave Buoy

1.6

1.4

1.2 -
g i ot ] ek g M e |
w10 pere | ek e l. o MR 2 Beach
I i i EIT 4 - i. e g} -.': o 1 .;. L = A
i ] : i " _...,__.Iil"l .I Fi -:- r L 1 .:: K T.. - el '.. Hﬂrﬂﬂr

Far L T
0.6 TSI
. WL

0.4

0.2

.).I:. 1 3 | 2 5 '] 1 i [ 1 5 & 3 ' ] i 2 & 1 ]
U e (a2 : . a i
Tue 091 Fri 0974 Hon 097 Thu 09/10 | Tue 09/

LONG BEACH (

()




Swell height - Data
Time (Days)

Buoy o O S S
observations .
(red) and CDIP
forecast wave -
model output

green) driven by
WWIILI.
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Observation validation I1s a work
INn progress!

Accuracy of Under Keel Clearance is critical
for safety of humans and vessel transits.

MODELS need to be tested e
under all conditions e Tl -
(Approximately 1 year of wave

heights and wave directions).




. ) CASE STUDY TWO:

Santa Barbara County ;“”\\Point Conception
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CDIP Historic Database
Maximum Significant Wave Height
on W @ @ e ® Mission Bay, CA

1938-01-18 02:53 21.78 12.80 10.16

1988-01-18 05:29 y 11.64 9.95
1988-01-18 08:53 1422 9.88
1988-01-18 11:29 1422 1011
2006-12-27 20:59 9.88 8.28

093 MISSION BAY OFFSHORE, CA
(BUOY)

1988-01-18 14:54 14.22 9.69
1995-01-04 19:56 800 7.25
2006-12-27 18:29 9.09 7.63
2010-01-21 17:54 15.38 B.37
1998-02-04 00:58 833 7.98
1988-01-18 17:29 13.47 9.08
2010-01-21 12:54 9.089 812
2010-01-21 13:24 16.67 B.42
2009-04-15 01:54 10.53 8.18
2010-01-21 13:54 9.09 815
1995-01-04 22:56 8.00 7.68
2006-12-27 21:29 10.53 B.28
1998-02-04 00:28 9.88 7.92
2010-01-21 12:24 9.09 8.29 B
2008-12-27 18:59 9.88 7.91

2010-01-21 14:54 1538 8.28

2010-01-22 07:54 9.88 8.38
2009-12-07 22:24 9.0 7.10
2006-12-27 17:59 9.08 7.51
2010-01-21 18:54 14.29 B.59




Potential Flooding Index - Cardiff
I Tide [] Tide + wave effects

Empirical moderate flood threshold

20

~ | Parking lots

Maximum water elevation (ft)

11 PST 11 PST 11 PST
Wed 09/09 Thu 09/10 Fri09/11

Cardiff 3 DAY WATER LEVEL FORECAST (Updates hourly)



Cardiff Water Levels and Thresholds Explained

High waves and tides at Cardiff, CA occasionally flood adjacent parking
lots, and less frequently impacts traffic on the bordering Highway 101
(Figure 1). CDIP water level (WL) forecasts at Cardiff include flooding
thresholds (Figure 2), lacking at other CDIP WL sites. Additionally, the
WL forecasts use a relationship between offshore waves and wave
runup that is calibrated with recent site specific observations.

Wave effects formula: The superelevation of the shoreline runup water
level (WL) on steep beaches is generally underestimated by the
Stockdon et al (2006) formula for dissipative beaches

WL =0.043 (HolLo)'* (1)

(1) is used for CDIP water levels at all sites except Cardiff. Sections of
Cardiff beach have recently been relatively wide and steep, because of
a nourishment in fall 2012 (sand brought to the beach from offshore,
Figure 3). A Stockdon et al (2006) formula, valid on steep beach faces
with slope Bs, is

1.1 (0.35,Bf(H0L0)”2

N [HoLo(0.5636; + 0.004)]'/* _
2 2)

With a representative Cardiff slope Br = 0.07 (Figure 4), eq (2) yields
WL=0.08 (HoLo)* (3)

about twice as large as (eq 1). These simplistic formulas (3 and 4) do
not include the effects of sand bars, and the variation of beach slope
over time (Fgure 4). Observations (Figure 5) of overtopping of the
nourished berm in January 2013 are used to calibrate an operational
water level formula for Cardiff (wave effects in Figure 2)

WL=10.12 (Holo)** (4)

Thresholds: The berm edge elevation is about 3.5m Navd88 (Figure 4).
Airbome Lidar and terrestrial elevation surveys were used to map the
vulnerable stretch of Highway 101 (Figure 6). The elevations of North
and South State Park parking lots are between 3.5-4.0m. The threshold
for MILD parking lot flooding is set at 4.0m .

Riprap bordering the beach, that water must overtop to reach 101,
typically reaches about 4.5-5.0m. Elevations of the 101 shoulder are as
low as 3.5m. The threshold for moderate flooding (101 ponds at low

Beach Width (m)

spots) is set at 4.8m. The water level needed to significantly impact
Cardiff beach will depend on the width of the remaining protective
berm (Fgure 4).

Summary Estimates of Cardiff flood thresholds, and the wave
conditions for which those thresholds will be reached, are qualitative.
The detailed beach profile is not considered, and a single threshold is
used for the entire shoreline reach (Figure 6). Numerical modeling and
detailed observations (ongoing at Cardiff) are key to improving site-
specific predictions of runup, overtopping, and flooding.

Cardiff
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%

. 1. Photos that are geo-tagged (lat/long/time)

=== _ 2. Textual comments: “water was up to my knees
.. 3. Additional water level gauge

=~ 4, Additional beach level elevations (MOBERM)

Website includes:
Map of flooding index locations

Index of Historical Events (Hs, Tp, Dp, Photos,
Comments)

l”



“The view only gets better during high tide as the waves crash
against our picture windows
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